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ABSTRACT

This paper reports on a series of experiments aimed at exploring in greater detail previous work on
the effects of financial incentives on information use and task performance in a principal-agent
setting. The paper also develops some new statistical modelling in the area of experimental testing
including incorporation into the modelling approach of data from post-experiment questionnaires.
We find significant support for the finding that profit-related individual money rewards encourage
increased accessing of valuable but costly past profit information by agents - and that this in turn

enhances individual performance in earning profit for the agency.



1. Introduction

This paper makes use of a research design based on Sprinkle (2000) in order to re-examine the
previous finding that, compared to fixed rewards, performance-related rewards increase individual
demand for valuable information and enhance performance. This issue is of major importance to the
design of performance measurement and reward systems based on accounting information, since
agency theory suggests that performance-related rewards are necessary to mitigate moral hazard and
adverse selection problems in complex organisations. Our study extends the earlier work in that the
level of rewards is systematically varied over a much wider range (in the original study only two
levels were considered), and the sample size is also significantly increased. Our sample also has
rather different demographics compared to the original work; instead of featuring exclusively US
sophomore participants, our sample featured final year undergraduate and postgraduate students
with a non-US international background (primarily European and Asian students). This increased
diversity within the sample allowed us to explore additional research questions - in particular,
concerning the role of GPA, gender, age and nationality in explaining task performance. As a final
extension, we implemented a post experiment questionnaire and used the data from this as an
integral part of the statistical testing procedure. Whilst post-experiment questionnaires have been
used in previous work, they have been used exclusively to eliminate subjects who reveal some
apparent imperfections in their understanding (make errors in one or more of their answers to the
post experiment questions). We take the view that responses to such questionnaires, just as with
responses within the experiment, are properly viewed as stochastic variables, and that it is therefore

appropriate to explicitly model this within the overall analysis of the experiment as a whole.

Information is conventionally considered as offering two distinct potential benefits to organisations.
First, it can inform a decision-maker about significant factors affecting future performance that
should be taken into account in reaching a decision. This function may be termed its decision-
facilitating role. For example, demand information would be expected to affect a company’s stock-
ordering and holding policies (Feltham, 1972), and cost variances might be used to determine
whether the current state of production equipment is satisfactory (Chow et al, 1990). Second,
information can provide measures of past performance that, if linked to extrinsic employee rewards,
might motivate employees to try to perform well in order to gain favourable ex post evaluations of
performance and, in turn, higher rewards; see Baiman (1982, 1990) for applications to managerial

accounting principles and practices such as responsibility accounting, cost allocation and budgeting.



This function may be termed its decision-influencing role. When an environment is stable, so that
past periods are related to present and future periods, then feedback information on past
performance can potentially provide both decision-facilitating and decision-influencing benefits.
This is typically the case for accounting information; see for example Baiman & Demski (1980) on

conditional variance investigation policies.

In laboratory studies, empirical corroboration of the importance of these two roles for information
has, until recently, focussed mainly on their separate investigation. Researchers have extensively
studied how decision-makers use information in reaching their decisions, and also whether
performance of tasks is improved by offering formal performance-related rewards (PRR) rather than
fixed rewards (FR); see e.g. Tuttle and Burton (1999), Waller and Chow (1985). For the decision-
facilitating role, empirical tests of theoretical predictions concerning the use of information by a
single individual have shown that individuals do not generally choose efficiently between
information systems and that they also do not process information in ways consistent with
conventional theoretical models (Bonner, 1999; Waller, 1995). For the decision-influencing role for
information in multi-person organisational environments, researchers have found that, when
compared to FR contracts, PRR contracts linking rewards to monitoring variables do tend to

motivate individuals to improve their performance in a range of tasks (Sprinkle, 2003).

A common environment for employees with decision-making authority is one in which the two
roles for information are combined. Employees have access to information that could enhance their
performance of a task and their task performance is monitored. Thus an interesting question relating
to the use of formal performance-related rewards as well as to the provision of accounting
information, in these more complex yet widespread environments, is whether formal performance-
related rewards enhance the use decision-makers make of valuable decision-related information and
therefore improve task performance. To put the issue another way, the two functions of information
may not be independent: if an employee could improve decision-making by accessing and utilising
information, but needs to be motivated to do so by the formal linking of subsequent extrinsic
rewards to some measure of performance, then it is reasonable to suppose an employee with PRR
would make better use of decision-facilitating information, and on average also perform better as a

result, than an employee with FR.

There are relatively few experimental studies, relating to this dual informational role, published in

the accounting and social psychology literatures, and results so far have been rather mixed. For



subjects working in an investment analysis context, Tuttle & Burton (1999) found that those with
PRR used more information for the task than those with FR and they performed better. Drake et al
(1999) found that group-based rather than tournament-based incentives improved group
engagement with an activity-based costing system. Sprinkle (2000) found that feedback on past
performance level was more likely to be used to improve future performance if subjects were
rewarded with PRR rather than FR. On the other hand, Arkes et al (1986) found that subjects facing
a probabilistic task were less likely to use a helpful decision aid when given PRR; in Ashton (1990),
subjects engaged in a bond-rating task, and with access to a helpful decision aid, performed worse
with PRR than with no monetary incentives; Hogarth et al (1991) found, if penalties for mistakes
were relatively large, subjects with PRR performed less well on a repetitive task where feedback
was available; and finally, in Ravenscroft & Haka (1996), information sharing, productivity gains

and variance reduction were not improved by the provision of competitive PRR.

A consensus view on the meaning of these disparate results is problematic, partly because of
differences between studies in experimental environments selected for examination, and partly
because of alleged deficiencies in some of the experimental designs employed. On this latter point,
for the four studies finding no improvement in task performance, Sprinkle (2000, 2003) argued that
their use of tournaments and similar incentive structures as rewards would lead to experimental
subjects adopting high-risk strategies not necessarily consistent with maximising expected
performance. Furthermore, he questioned the quality of the feedback information provided to
subjects in three of the four studies, implying that subjects who chose to ignore it when making
decisions could not be described as unmotivated. The experiment reported in Sprinkle (2000) was
explicitly designed to improve on these alleged deficiencies and, as noted above, it found that PRR

tended to enhance task performance.

The objective of the present work was to replicate, extend and study the robustness of the findings
reported in Sprinkle (2000). The value of replication comes from discovering whether experimental
phenomena are robust to large or small changes in experimental design, or whether they are more or
less unique to a specific design; see Guala (2005)." In the present context, it is of interest to

investigate whether the main findings of Sprinkle (2000) are robust to variations in detail of

! Research in the ‘social’ as opposed to the ‘natural’ sciences has a tendency to focus on novelty, a tendency to
undervalue the importance of replication. For instance, Smith (1994) and Rubinstein (2001) have argued persuasively
that replications are not valued sufficiently highly in economics-based research. The tendency may be understandable in
some areas, but in experimental work it is our view that the standards of the natural sciences can and should apply — and
that there is significant value in replication per se. That said, and as explained in what follows, the present work is not
confined to replication per se.



implementation in the laboratory, and with a rather different cohort of participants; Sprinkle’s work
was based on a sample from undergraduate US university programmes, whereas in our study we
drew on both undergraduate and postgraduate students, with an international but non-US
educational background, primarily from Europe and Asia. If the phenomena found in Sprinkle
(2000) persist, then increased confidence can be gained that PRR ‘works’. Computerisation of the
experimental environment also facilitated dealing with a significantly increased sample size relative

to Sprinkle (2000).

Our research question remained broadly the same as in Sprinkle (2000):

Relative to fixed incentives, does provision of performance-related incentives increase the

use made of feedback information on past performance and enhance task performance?

However, there were significant differences between the present work and Sprinkle (2000) in how
research hypotheses were formulated, in how the experiment was implemented, and in how the data
were analysed. Two of these differences arose as a response to a pilot study undertaken for the
present work, where it was found that PRR did increase subject information usage and enhance task
performance compared to FR but, in contrast to Sprinkle (2000), the effects were weak and
insignificant.” Indeed, FR participants did nearly as well as PRR participants. Two issues potentially
contributing to the weakness of these results emerged from the pilot study: saliency of incentives
and subject comprehension. Given their importance to our experimental design, these issues are
discussed now, with discussion of other minor differences between the present paper and Sprinkle

(2000) deferred to Section 2.

With regard to saliency, Davis & Holt (1993, p 24) maintain ‘it is critical that participants receive
salient rewards that correspond to the incentives assumed in the relevant theory or application.’
Many experimental applications assume participants have no intrinsic incentives, either positive or
negative, regarding performance of the experimental task; see Plott (1982). If that assumption is
valid, then it is straightforward, at least in principle, to align incentives with the theory being tested
through provision of arbitrarily small money payments to experimental subjects. But the assumption
of no intrinsic preferences is rarely satisfied. Onerous tasks may involve intrinsic costs to subjects

or, conversely, a desire to achieve success in a task may motivate subjects to try hard even when

? Detailed results of the pilot study are reported in Dobbs & Miller (2006).



there are no money payments for good performance; see Rieken (1962). There is some experimental
evidence that the conformity of experimental behaviour with theoretical models is affected by
saliency of reward: see for example Siegel & Goldstein (1959), Hirshleifer & Riley (1992) and
Prasnikar (2002). Thus, Davis & Holt (1993, p 24) recommend salient rewards, which means:

‘subjects perceive the relationship between decisions made and payoff outcomes, and... the
induced rewards are high enough to matter in the sense that they dominate subjective costs

: - 3
of making decisions...’

In the pilot study for the present work, it was clear FR participants made significant use of feedback
information in order to improve their task performance, despite the fact that their explicit financial
rewards gave them a small disincentive to behave in this manner. This observation suggests that
participants had personal preferences in favour of achieving a better performance in the
experimental task, and that the level of financial disincentive was simply not salient enough to
dominate these intrinsic personal preferences or to induce significant measurable differences
between PRR and FR participants.* In other words, it seems there was little difference on average
between the behaviour of the two groups because both were similarly intrinsically disposed towards
succeeding in the task set for them. When subjects have unknown levels of intrinsic preferences, the
calibration of explicit rewards necessary to align incentives with the relevant theory is essentially an
empirical issue. In the present work, instead of attempting to discover critical levels of cost
disincentive for inducing the FR group to eschew opportunities to access information, we chose to
examine the empirical effects of saliency on subject behaviour in a more direct and general
manner.” Thus we varied both the benefits and costs of accessing information across nineteen
separate treatments, rather than the two treatments with fixed costs as used in Sprinkle (2000) and

our pilot study. Our working research hypotheses became:

H;: Other things equal, as the level of performance-related payment increases, subjects

access information on past performance more and their profit performance is enhanced.

? Equally, the words ‘subjective benefits’ could be used in place of ‘subjective costs’, depending on the experimental
context.

* In the pilot study the magnitudes of money incentives were selected to approximately match those used in Sprinkle
(2000). The financial disincentive to accessing information was relatively small at £0.008 for each information request.
> Even if the pilot study had confirmed the findings of Sprinkle (2000) with relatively small money incentives, it has
been argued that an examination of saliency would still be warranted in order to investigate whether observed behaviour
survives when the ‘incentives for thinking things through carefully’ are increased; see Binmore (1994, pp.184-5).



Hj: Other things equal, as the cost of accessing information increases, subjects access

information on past performance less and their profit performance is worsened.

The nineteen levels of incentives we employed included the two treatments tested in our pilot study.
Hence, the original test in Sprinkle (2000) and in our pilot study for differences between PRR and
FR subjects was retained here as a nested hypothesis of the more general model. However, unlike
Sprinkle (2000) and Dobbs & Miller (2006) where the cost of information was fixed, information is

also provided on the effects of varying the cost of accessing information.’

With regard to subject comprehension, the post-experiment questionnaire used in the pilot study
revealed some variation across participants in their apparent comprehension of aspects of the
experimental environment. Observations on the behaviour of subjects who do not understand the
presented laboratory environment cannot be unambiguously attributed to that environment. For this
reason, laboratory studies finding apparently imperfect comprehension of the experimental
environment have tended to exclude such subjects from subsequent data analysis, though they also
often provide a footnote if the results are not sensitive to inclusion of these subjects; see for
example, Davis et al (2006). For complex tasks and environments, however, it is not always
obvious how to judge the significance of errors in responding to such questionnaires. Depending on
the complexity of the questions posed and the incentives faced (typically none, when responding to
such questionnaires), whilst errors may reflect imperfect understanding, errors may also result from
calculation or transcription errors as well as errors in conceptual understanding. Indeed, the more
extensive and onerous the questionnaire, the higher the number of respondents that can be expected
to make some errors. Given the fact that the post experiment questionnaire is inevitably to an extent
an imperfect ‘discriminator’ of levels of understanding, the natural response is to explicitly
incorporate the questionnaire data within the statistical model. The idea is that if a subject does not
understand some aspect of the experimental environment, then they will not be able to take it into
proper account within the experiment — and so it should be possible to formally test whether this is
so or not. In effect, we suggest that the ‘data should decide’ whether groups with apparent different
levels of understanding (as revealed by post experiment questionnaire) can be pooled. That is,

instead of assuming for the purposes of analysis that data from subjects is either of no value or full

® The response variable ‘time spent on the task’ in Sprinkle (2000) was here replaced by ‘number of information
requests’. We focused upon the latter variable because it better reflects demand for information. In Sprinkle (2000) the
two variables were related by design. Removing this relation and analysing the two variables separately showed, for our
sample, that time spent on the task was unaffected by treatment; this point is discussed in more detail in our ICAS
report, Dobbs & Miller (2008).



value, to be excluded or pooled respectively, we allowed the data to determine statistically whether

pooling is appropriate or not.

Our approach is thus a novel but also a methodologically consistent way of making use of post-
experiment questionnaire data. Firstly, it should be noted that full comprehension of the
experimental environment by subjects is only a sufficient condition for a valid experiment — it is not
a necessary condition. As a consequence, it is not necessarily theoretically correct to assume that
data from subjects with imperfect comprehension is of no value in subsequent analysis. At the same
time, it is also not necessarily theoretically correct to assume such data is of equal analytical value
to data from subjects with full comprehension. Secondly, it is important to recognise that tests of
understanding are inevitably imperfect discriminators of comprehension’ and that exclusion could
involve substantial wastage of data. Indeed, it can be expected that the number of subjects a Davis
et al procedure leaves standing depends on the complexity and extensiveness of the questionnaire
subjects are required to complete. Given these considerations, our approach improves on the
‘exclusion or pool’ dichotomy of Davis et al (2005) by means of explicit statistical modelling. The
value of our approach becomes clear in Section 3 below, where it yields some interesting insights
that would otherwise have been obscured.® For completeness however, and for comparison
purposes, we also present results with full exclusion, based on the sub-sample of 42 subjects who

answered the questionnaire fully correctly.

A final difference between research hypotheses employed in the present paper and in Sprinkle
(2000) was the inclusion here of demographic variables.” The experimental task required of each
subject was the solution of a series of problems, or de novo puzzles. There is now a substantial body
of evidence indicating that skill in accomplishing such tasks depends upon gender, age and grade
point average (GPA); see for example Hambur et al (2002), Lundeberg et al (1994), and Research
and Library Services, Northern Ireland Assembly (2001).'° In particular, for problem-solving tasks
males do better than females and older subjects do less well than younger subjects. Dermer (1973)

has argued for inclusion of demographic variables in accounting experiments, especially when the

7 For example, even with full understanding, computational and other types of mistakes can occur which result in a
‘wrong’ answer.

¥ That the behaviour of subjects with less than full comprehension of a laboratory task can suggest useful questions for
further research is also demonstrated by studies of the preference reversal phenomenon, which provides evidence on
issues relating to human cognition. See, for example, Starmer & Sugden (1991).

? Sprinkle (2000) does not report demographic information or analysis.

' GPA is generally correlated with other measures of achievement or skill, including problem solving; see Hambur et al
(2002) and Kuncel et al (2004).



influence of demographic factors has not been removed by randomisation.'' Hence, in order to
statistically control for such effects on task performance, personal characteristics of subjects are
included in the analyses. For the present study, the published literature suggests three further

research hypotheses:
Hj: Other things equal, the profit performance of males is better than females.
Hj: Other things equal, profit performance is negatively correlated with age.
Hs: Other things equal, profit performance is positively correlated with GPA.

Data were also collected on nationality and graduate status. For nationality, subjects were coded
into four categories: British, Non-British European, Asian and Other. Anecdotally, it is often stated
that Asian educational processes emphasise the memorising and reproducing of facts rather more
than problem solving and creative thinking. '* Hence, an additional research hypothesis considered

was:

He: Other things equal, the profit performance for Asian subjects is worse than for other

subjects.

A hypothesis for the graduate status variable, undergraduate or postgraduate, is rather more difficult
to formulate for this task, because graduate status will be positively correlated with both age and
GPA, and the effects of these two variables are hypothesised to work against each other. On

balance, however, the latter effect may be expected to predominate, hence:

H7: Other things equal, the profit performance for postgraduate subjects is better than for

undergraduate subjects.

" Deux (1979) and Ciancanelli et al (1990) provide good examples of the use of demographic analysis outside the
laboratory, in studies of gender experience in the workplace and in the accounting profession respectively.

12 A referee has pointed out that there exist some difficulties of interpretation with regard to nationality. When eliciting
information from subjects, we chose ‘nationality’ rather than a cultural label, in order to feel confident that, for
example, British nationals with an Asian family background, who have come up through the British educational system,
would predominantly label themselves as ‘British’. Hence subjects in the ‘Asian’ category are of overseas origin, in fact
overwhelmingly Chinese, with a somewhat different educational experience compared with that of British subjects.

10



For ease of comparison, the research hypotheses of the present paper and Sprinkle (2000) are
summarised in Table 1 below. The table highlights many of the areas in which the present paper
contributes to the literature. Firstly, we attempt to replicate the finding in Sprinkle (2000) that PRR
increases the use made of valuable but costly information and consequently enhances task
performance relative to FR. This finding is related to the theory of incentives from agency theory
and has direct application to the design of performance evaluation and reward systems based on
accounting data. Our results offer additional support that PRR works as predicted. Secondly, we
extend the two-treatment experimental design used in Sprinkle (2000), varying the incentive levels
more widely across nineteen treatments in order to examine the impact of salience on the demand
for information and on task performance. Our results show that the findings in Sprinkle (2000) are
robust to the level of PRR, which seems to exert a continuous impact on the response variables.
Thus the results provide evidence that the effect of PRR is not restricted to a special case and that
potentially the theory of incentives has wide applicability to observed behaviour. Our manipulation
of information cost, not considered in Sprinkle (2000), produced results that indicate subjects access

information more often when it is less costly but that task performance is not significantly affected.

Table 1: Comparison of Research Hypotheses in Sprinkle (2000) and Present Study

Sprinkle (2000) Present Study
Average time spent on task will be greater for Number of information requests will be
subjects receiving PRR than for subjects increasing (decreasing) in level of PRR (cost of
receiving FR information)
(2 treatments) (19 treatments)
Average profit performance will be greater for Average profit performance will be increasing
subjects receiving PRR than for subjects (decreasing) in level of PRR (costs of
receiving FR" information)
(2 treatments) (19 treatments)
Average profit performance will be greater for
males
Average profit performance will be decreasing
in age
No corresponding tests reported Average profit performance will be increasing
in grade point average (GPA)
Average profit performance will be lower for
Asian than for other subjects
Average profit performance will be greater for
postgraduate than for undergraduate subjects

1 Sprinkle (2000) also examined a third research hypothesis: that the average positive difference in profit performance
for subjects receiving PRR compared to FR would increase with repetition. This hypothesis was originally included in
order to explain why previous single-trial comparisons of profit performance had failed to find a positive average
difference for PRR subjects. In the present work, we focus on performance post learning effects, therefore on statistics
from the latter half of the experiment, after subjects had obtained experience of the task and incentives.
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Thirdly, the demographics of our sample differed from those in Sprinkle (2000). The confirmation
that PRR works across a wider range of subject types suggests greater external validity for the
results. Our evidence suggests that gender and cultural variables affect both behaviour and task
performance for this task. Fourthly, a novel feature of the present study is our inclusion in the
statistical model of subjects with apparently imperfect comprehension of the experimental task and
incentive structure. Dummy variables are used in combination with a standard general-to-specific
testing down method to estimate the effect of including such subjects in the analysis. Some
potentially interesting results emerge: all subjects respond in the same degree to variations in both
cost and PRR level, by varying their demand for information in the predicted directions, but this
translates into the predicted variation in profit performance only for subjects with apparently perfect
comprehension of the experimental environment. This distinction would not have been apparent if
the affected data had been fully excluded from the analysis, for the generality in response for all

subjects in information usage would have been missed.
The rest of the paper is organised as follows. Section 2 details the experimental environment in

which data were generated and organised. Section 3 discusses the statistical analysis and presents

the results. Section 4 concludes.
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2. The Experimental Environment

The decision-making task faced by participants was based on Table 2.

Table 2: The Relation between Participant Decisions and ‘Profit’ OQutcomes

Column Choices
1 2 3 4 5 6 7 8 9 10 [ 11 |12 [ 13 | 14 [ 15 |16 | 17 | 18 | 19 20
1 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 5 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 5 5 10 | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 5 5 10 |20 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
5 5 5 10 | 20 | 20 | O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 5 5 10 | 20 | 20 | 30 | O 0 0 0 0 0 0 0 0 0 0 0 0 0
7 5 5 10 |20 | 20 | 30 |30 | O 0 0 0 0 0 0 0 0 0 0 0 0
8 5 5 10 | 20 | 20 | 30 [ 30 |30 | O 0 0 0 0 0 0 0 0 0 0 0
9 5 5 10 | 20 | 20 | 30 | 30 |30 |45 |0 0 0 0 0 0 0 0 0 0 0
Rows 10 ]5 5 10 | 20 | 20 | 30 | 30 |30 |45 |45 | 0 0 0 0 0 0 0 0 0 0
1115 5 10 | 20 | 20 | 30 | 30 |30 | 45 |45 |60 | O 0 0 0 0 0 0 0 0
1215 5 10 | 20 | 20 | 30 | 30 |30 | 45 |45 | 60 | 60 | O 0 0 0 0 0 0 0
1315 5 10 | 20 | 20 | 30 | 30 [ 30 | 45 | 45 | 60 | 60 | 60 | O 0 0 0 0 0 0
1415 5 10 | 20 | 20 | 30 | 30 | 30 | 45 | 45 | 60 | 60 | 60 | 80 | O 0 0 0 0 0
1515 5 10 | 20 | 20 | 30 | 30 [ 30 | 45 |45 |60 | 60 | 60 | 80 | 80 | O 0 0 0 0
16 | 5 5 10 | 20 | 20 | 30 | 30 [ 30 | 45 |45 | 60 | 60 | 60 | 80 [ 80 | 95 | O 0 0 0
17 1 5 5 10 | 20 | 20 | 30 [ 30 |30 |45 |45 | 60 | 60 | 60 | 80 | 80 | 95 | 95 | O 0 0
1815 5 10 | 20 | 20 | 30 | 30 [ 30 | 45 |45 |60 | 60 | 60 | 80 | 80 | 95 | 95 |95 |0 0
1915 5 10 | 20 | 20 | 30 | 30 | 30 | 45 | 45 | 60 | 60 | 60 | 80 | 80 | 95 | 95 | 95 | 100 | 0
20 | 5 5 10 | 20 | 20 | 30 | 30 [ 30 | 45 | 45 [ 60 | 60 | 60 | 80 | 80 | 95 | 95 | 95 | 100 100

This profit table is identical to that used in Sprinkle (2000). Both columns and rows in Table 2 are
labelled 1,...,20. The remaining numbers are regarded as profit outcomes for the firm associated
with particular combinations of row and column. For example, the profit associated with Column 14
and Row 19 is found, at the intersection of that column and row, to be 80. Each participant was
given a copy of Table 2 and informed of the reward they would receive per unit of profit earned for
the firm, as depicted in Table 2, and also the cost per information request they made. They also

knew the experiment was broken into 12 trials each of which comprised 5 periods.

At the beginning of each trial, a row in the above profit table was randomly selected by computer.
Participants were informed that the computer had been programmed so that each row was equally
likely to be selected, and also that the row for one participant was selected independently of the row
selected for any other person participating in the experiment, and independently of all decisions
they themselves took during the experiment. The selected row was not revealed to the participant,
who merely knew that there was an equal chance of any given row being selected. However, the
individual was informed that the row selected would remain the same for the next 5 periods of the
trial. In each period, the participant was required to make a choice of column. Following this, they

were asked if they wished to make an ‘information request’ in order to find out what profit had been

13



earned by their choice. If they made a request, they were informed of the profit earned for the firm,
as well as the cost they had incurred by making an information request. This ended the period, and
the individual moved on to the next period. If no information request was made, the individual
moved directly to the next period without being given any information. At the end of 5 periods, the
trial was complete, and the individual was given a break down of the incentive pay earned and
information costs incurred in the trial. The process then repeated; that is, in the next trial, a new row
was randomly selected by the computer and then fixed for the duration of the trial, the individual
starting the process of choosing columns and making information requests all over again. The
decision problem faced in each of the 12 trials was thus the same, except for the randomly-selected
row. The rubric for the experiment asked all individuals to try to maximise the firm’s profits. Their
individual money incentives, which varied across individuals, were revealed privately to reduce the

possibility that subjects would know the research hypotheses being tested; see Rosenthal (1963).

Let IT stand for the profit outcome, C for column choice and R for the row. Notice that each
column of the profit function in Table 2, except Column 1, has two possible profit outcomes; either
IT=0 or IT>0. The design of the profit function is such that, for any given column, the IT=0 and
IT > 0 profit outcomes partition that column into two contiguous non-overlapping sets of rows. For
example, for Column 13, Rows 1 to 12 generate zero profit and Rows 13 to 20 generate a positive
profit of 60. Thus knowledge of the profit outcome provides additional information about the
undisclosed row which had been fixed by the computer at the start of the trial. Suppose in the first
period of the experiment a participant did choose Column 13. If, following this, the participant does
not choose to learn the resulting profit outcome, then the uncertainty about the row selected will be
the same as it was before the choice of column; that is the row could be any of Rows 1 to 20;

R €[1,20]. However, if the participant does choose to learn the resulting profit outcome, and it

turns out to be zero, then the participant for certain can rule out all of Rows 13 to 20 as possibilities;

that is R €[1,12]. By contrast, if the request for information revealed that profit was 60, then the
participant for certain can rule out all of Rows 1 to 12 as possibilities, so R €[13,20]. Hence, for

this choice of Column 13, the participant can for certain learn, after this first period, something they
did not know before. The same point holds for any choice of column except Column 1, since

Column 1 offers a constant profit of 5 whatever the selected row.

Pursuing the above example, of a choice of Column 13 in Period 1, a little further, suppose the

information request revealed profit to be zero. Then the participant knows for certain that the same

14



column choice or indeed any higher-numbered column will produce exactly the same zero profit for
the remaining four periods of the trial. The participant wishing to maximise profits would thus
rationally choose a lower-numbered column in the next and subsequent periods of the trial. To put it

another way, it is clearly irrational to choose a column C €[13,20] in any subsequent period in the

trial. By contrast, if the information request revealed a profit of 60, this means it would be irrational

to choose C €[1,12] in any subsequent period of the trial, and this knowledge might encourage the

participant to increase the column number chosen in the next period in the search for even higher
profits. Note that, in this case, one can always ‘retreat’ back to Column 13, should a higher-

numbered column choice subsequently produce a zero profit.

Formally, maximising expected profit constitutes a dynamic programming problem of some
complexity, one which is quite impossible to solve analytically in the time available to participants.
A flowchart of optimal decision paths is shown in Figure 1 below. Notwithstanding the complexity
of the problem, a ‘rational’ individual should make choices which give a positive probability of
positive profit; that is, they should not choose columns that previous information requests have
indicated will guarantee zero profit. Also, they can be expected to operate some kind of ‘rule of
thumb’ in which the initial choice is a column somewhat above Column 11 and, following the
initial information request, tend to edge up the column choice, if revealed profit was positive, or
edge down, if revealed profit was zero, a process that can be repeated period by period throughout
the trial. It is worth noting that there is never any decision-facilitating value to learning fifth-period
profit, since at that point the trial is complete and the participant either finishes the experiment or

moves onto a new trial, with a new independently-generated row number.
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Figure 1: Optimal Decision Flowchart
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(R<14) (R>13)
{1,13} {14,20}
=9 a,=16
n=0 >0 n=0 >0
(R<9) (R>8) (R<16) (R>15)
(1,8 9,13 (14,15} 16,20}
(132 (13:11 a3:14 a3:16
=0 >0 =0 >0 >0 >0
(R<6) (R>5) (R<11) (R>10) (R>13) R>15)
{1,5} {6,8} {9,10} {11,13} {14,15} {16,20}
as=9 as=11 as=l4 as~16
>0 >0 >0 n>0 >0
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(6,8} 9,10} 11,13} (14,150 {16,20}
05:1 a5=4 615:6 a5=9 a5=11 615:14 a5=16

Key to Figure 1:
a, = optimal choice of column in period i

=0 or 7> 0: profit is then revealed as zero or positive.
R < Num or R > Num: Inference then possible concerning the number of the row selected by the computer.
{x,y}: Given column choices and information requests, it is then known that the computer’s choice of row

lies in this range; thatis x < R < y.
Optimal play involves choosing column 14 at period 1 (a, =14) and then asking for information and if

profit is positive, moving up to a, =16, or if profit is zero, to a, =9 and so on.
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To explore the role of saliency on the motivational impact of PRR, participants were provided with
a much wider range of incentives and disincentives than in Sprinkle (2000). In particular, in the
present paper the money reward to participants per unit of profit earned was varied between £0.00
and £0.02 in steps of £0.005, and the money cost to participants per information request was varied
first from £0.01 to £0.05 then up to £0.20 in steps of £0.05. To minimise the possibility participants
might end up with negative money rewards from the experiment, the upper bound for varying the
cost per information request was reduced when money reward per unit of profit earned was small.
FR participants, with rewards unrelated to profit performance, were given a fixed money reward per
column choice made, but information costs were then systematically varied over the full range.
Volunteers were randomly assigned to incentive conditions, except for the set of FR assignments,
which were assigned only in the first session. With these ranges of rewards and costs, average
participant payouts from the experiment were £19.50, compared to an average of £9.85 in our
earlier pilot study. Table 3 shows the sample frequencies of each assigned combination of reward

per unit of profit earned and cost per information request.

Table 3: Number of participants with given reward/information request incentive conditions

Reward per Profit Point

0 | 0.005|0.01 | 0.015 | 0.02 | Totals
0.01] 4 5 6 4 4 23
Costper |0.05| 7 6 6 4 4 27
Information | 0.1 | 7 - 4 5 3 19
Request | 0.15]| 4 - - 5 5 14
02 | 6 - - - 5 11
Totals 28| 11 16 18 21 94

Four experimental sessions were conducted at Newcastle University during the spring and early
summer of 2006. For each session, an instructor attended one of the target cohort’s lectures, handed
round copies of a ‘Personal Details Form’, and asked for volunteers to participate in the experiment.
The ‘Personal Details Form’ provided details on sex, nationality, age, degree course and contact
email for those wishing to volunteer, as well as a consent declaration allowing the researchers to use
data on end-of-year grades in subsequent statistical analysis. A total of 94 participants provided
potentially useable data. Volunteer participants were drawn from various degree programmes

involving business, economics and accounting, with a mix of undergraduates and postgraduates,
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home and overseas, male and female students. All those available for the session dates and times

were accepted for participation. Table 4 presents sample descriptive statistics.

Table 4: Sample Descriptive Statistics

% Male 56
% Postgraduate 35
Average Grade (%) 61
Average Age (Years) 22
% British 62
% Non-British European | 7
% Asian 22
% Other Nationality 7

At the start of each experimental session, participants first received instructions in a classroom, and
then moved to the computer cluster, where each member of the group sat at an individual terminal
to undertake the experiment. In the classroom, an instructor read out, word for word from a
prepared document, instructions implementing the experimental environment. Participants could
follow the instructions from their own individual hardcopies, which included Table 2, provided just
before the session began but after initial rules of communication were explained. The instructions
for PRR participants appear here as Appendix 1; the instructions for FR participants were similar.
The instructions were drafted and the sessions arranged so that no participant knew the variation in
treatment faced by any other participant, and no participant had information about hypotheses under
examination. The instructions in Appendix 1 carried only a neutral heading, without indication of
treatment, and the individual treatments were disclosed only when participants were physically
separated from each other at computer terminals, about to begin the experiment. A computer
program was specially written to create the experimental environment. Further information
concerning the Personal Details Form, the instructions for FR subjects, the computer program, and a

selection of screen-shots, can be found in Dobbs & Miller (2008).

The post-experiment questionnaire, included here as Appendix 2, formed the basis for investigating
whether profit performance was influenced by variation in a subject’s level of understanding of the
experimental environment. Since the questionnaire was administered following completion of the
experiment, it can be considered to have had no effect on decision-making during the experiment.

Some studies attempt to avoid the problem by means of compulsory ex ante testing of individuals,
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followed as required by reinforcement of instructions; see, for example Fisher et al (2002) and
Fisher et al (2003). However, details of the test are typically not included in published
documentation accompanying the results, making it difficult to assess the extent to which the
procedure is effective, either in particular cases or more generally. Other studies have relied on ex
ante opportunities for individuals to pose their own questions to an instructor; see Plott (1982). The
conventional wisdom on this is that all questions about the experimental environment should be met
with repetitions of the relevant portions of the written instructions, thus reducing the possibility of
an instructor being drawn into unwittingly revealing clues about expected or desired responses from
participants, particularly using unscripted remarks that may then be difficult to document and
therefore replicate; see Rosenthal (1963). The ability or confidence of participants to frame suitable
questions, either in private instruction or publicly during group instruction, is open to doubt
however, as is the general effectiveness of an instructor who responds to questions only by
repeating the original instructions. The post-experiment questionnaire has recently been employed
by Davis et al (2006), who subsequently reported results that excluded 6% of their sample data;
though they also reported their findings were not affected if results are based on their full sample.
Typically, post experiment questionnaire data has not been explicitly used as an integral part of the
statistical modelling procedure. Rather it has been used, as in Davis et al (2006), to rationalise the
exclusion of participants with imperfect comprehension. As explained in section 1 above, in our
view this is an unduly draconian approach. In the present work, the post experiment questionnaire
is therefore used to identify different levels of apparent comprehension of the experimental
environment. A general-to-specific methodology is then used to identify the extent to which these

distinct sub samples can be pooled.

The questionnaire consisted of five questions. Questions 1 and 2 tested understanding of aspects of
the profit table; respectively, whether a participant could correctly ascertain profit from a given row
and column, and could infer the range of unobserved rows consistent with both a given column and
profit report. A total of 70 participants correctly answered both Questions 1 and 2. This group was
assigned a code of ‘G1’, denoting Group 1, whereas the full sample was coded ‘GO’. Question 5
tested understanding of the individual cost to a participant of accessing feedback information. A
total of 62 participants answered all of questions 1, 2 and 5 correctly. This group, a proper subset of
group ‘G1’°, was coded ‘G2’. Finally, Questions 3 and 4 dealt with individual participant rewards
and their relation, if any, to earned profit. Only 42 participants correctly answered all of questions 1
through 5. This group, a proper subset of group ‘G2’, was coded ‘G3’. Hence, prior to undertaking
statistical analysis, the participants were ‘filtered’ into 4 nested groups, ‘G0’, ‘G1°, ‘G2’ and ‘G3’.
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The idea behind the nested classification was to provide a simple and parsimonious ordering of the
apparent level of ‘understanding’, as this might impact on ability to earn profit. ‘Raising the bar’ for
inclusion in each successive higher-numbered grouping allows ordinal interpretations of profit-
earning capability for the resulting four groups, and use of a general statistical model for estimating
the particular response relating to each level of understanding as a nested special case of the more

general model."

It is an empirical question as to whether sub-groups can be pooled or not, but it is worth
emphasising that the questionnaire responses are only indicative of the level of understanding of
participants. The post experiment questionnaire-based classification of participant understanding is
not claimed to be perfect. Assessment was based upon a small number of questions as well as
subjective appraisal of the significance of apparent error. Moreover, completion of the questionnaire
was not linked to any money consequences for subjects, so the extent to which it was taken
seriously, apart from through a desire to cooperate and to display achievement, might be doubted.
Whilst a correct answer probably does reveal good understanding, an incorrect answer to a question
on the post experiment questionnaire may or may not reveal a lack of understanding — as in any

exam, a participant may have full understanding and yet make a mistake.

As well as attempting to estimate the effects of apparent differences in participant understanding of
the task and incentives, we also sought to reduce the complexity of the environment from the one
used in Sprinkle (2000) and our pilot study, cutting out any unnecessary distractions. Firstly, in
Sprinkle (2000) a lottery procedure designed to ‘induce’ in all participants a neutral attitude to risk
was employed; see Berg, Daley, Dickhaut & O’Brien (1986). Selten et al (1999) have argued that
the lottery procedure adds complexity and tends to reduce subject comprehension of the
experimental environment. Given the relatively small subject rewards involved, and the fact that
rewards are always positive, there are good grounds for assuming that behaviour is likely to be
approximately risk neutral; the logical case for this is explained clearly in Arrow (1970) and Rabin
(2000). Thus in the experiments reported in this paper, the lottery procedure is no longer included as
part of the experimental design, and rewards are earned directly in money. Secondly, in Sprinkle
(2000), there was a very small time-related penalty: taking longer to complete the whole experiment

reduced by a small amount the overall reward a subject earned. We dispense with this penalty in the

" It is possible to conceive of many other classification schemes; for instance, with five questions it would have been
possible to divide participants into 2°=32 separate non-nested classifications. However, such a proliferation of groups
would have resulted in uneconomically large estimation demands on the available data.
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current experiments, because our focus is not on time-pressured decision-making."” The differences
in experimental environments in Sprinkle (2000) and the present paper are summarised in Table 5
below. Note the more generalised analysis possible in the present study, through the inclusion of a
significantly greater number of reward/cost treatments, see also Table 3, and the wider coverage of

rows assigned to participants, see also Table 2.

Table 5: Comparison of Experimental Environments in Sprinkle (2000) and Present Study

Sprinkle (2000) Present Study
Identical decision-making task with stationary stochastic profit function
2 levels of reward/cost parameters 19 levels of reward/cost parameters
Rewards/costs denominated in probability points for binary Rewards/costs denominated in
lotteries money
9 computer-generated rows examined 20 computer-generated rows
examined
Small penalty assigned to time spent on task No time-related penalty

3. Statistical Analysis

This section details the development of a statistical model for testing research hypotheses H;
through H, as applied to the response variable, trial profit.'® Given the structure of the profit table,
Table 2, it is clear that total profit over the 5 periods of a single trial is wholly determined by the
single row randomly selected by the computer, indexed by R, for individual i in trial ¢, and the set
of five column decisions taken by individual i. In turn, research hypotheses H; and H, postulate that
a participant’s column decisions will be influenced by the formal incentives supplied; respectively,

the real money reward to the participant per unit of profit earned, denoted ", and the real money

cost to the participant per request for feedback profit information, denoted ¢. An individual

participant, faced with these incentives, will adopt some strategy for selecting columns. For fixed

/2

#" and ™, research hypotheses Hs through H; predict that this strategy may differ across

individuals, according to various personal characteristics, such as age, sex, graduate status,

1> Sprinkle (2000) noted that his results were not sensitive to the inclusion or exclusion of time-related penalties.
' The development of the model for the response variable ‘number of information requests’ is exactly analogous and is
therefore omitted.
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nationality and intellectual ability, the latter proxied here by the most recent grade point average,
gpa. A participant’s strategy may also change during the course of the experiment as experience,
indexed by trial number, is gained with the decision-making task. Adding a random term, ¢, with
average value zero, to account for variables not specifically articulated in the model, it is then
possible to specify a reduced-form model of the determinants of earned trial profit 7z, which depends
on nine measurable variables and a random term, as in equation (1). Here, mf, upg and nat are
indicator variables for sex, undergraduate or postgraduate status, and nationality, respectively; while

fdenotes the, as yet unspecified, form of the functional relationship:

Ty = f(Rit’ri”’ciIRﬁagei’mj;'ﬁupgiﬂnati’gpaﬂt)+git (1)

for individuals i =1,..,94 and trials 7 =1,..,12."7 The strategy employed in this paper was to specify

a particular functional form for equation (1) and then estimate it using OLS regression.

Many, though by no means all, of the standard parametric hypothesis tests that could be performed
on specific versions of equation (1) rely on an assumption that u is a linearly independent,
Normally-distributed random variable, with constant variance. For certain specifications of equation
(1), the validity of this assumption is open to doubt. For example, in equation (1), 7 measures the
profit made by an individual in a single trial. Since the profit table row is held constant for the
duration of each trial, this means that to appropriately apply standard parametric tests based on
Normal distribution theory, the distribution of trial profit must be Normal for every individual profit
table row, for arbitrary values of the other eight determinants. Table 6 lists feasible values of 7, for

each profit table row.

" In Sprinkle [2000], ciIR was fixed at a constant level and therefore could not influence variation in actual trial profit,

while l”l.” was a dichotomous variable. Because there were only 2 treatments to be compared in Sprinkle (2000), it was
feasible to divide up the sample by profit table row or trial, and to then conduct pairwise difference-of-means tests. In

the present study, however, with 19 distinct incentive pairs for 7", ¢’ , this procedure was not practical.
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Table 6: Feasible values for trial profit

Profit Table Rows Feasible Values for 7
1-2 0,5,...25
3 0,5,...50
4-5 0,5,...90, 100
6-8 0,5,... 130, 140, 150
9-10 0,5,... 190, 200, 210, 225
11-13 0,5,...250, 260, 270, 285, 300
14-15 0, 5,... 330, 340, 350, 365, 380, 400
16-18 0, 5,...390, 400, 410, 425, 440, 460, 475
19-20 0,5,...410, 420, 430, 445, 460, 480, 495, 500

Clearly, 7 is a discrete variable, with a row-dependent upper bound and a lower bound of zero. In
contrast, a Normally-distributed variable is continuous and unbounded. The problem is most severe
for low-numbered rows, where there is likely to be a high proportion of observations at the lower
bound, potentially affecting the tests employed in Sprinkle (2000). Although some writers claim
standard tests are robust to departures from Normality, see for instance Clinch & Keselman (1982)
and Tan (1982), others have opposing views; see Bradley (1978), Glass et al (1972), Wilcox (1995)
and Wilcox (1998). A second issue to address in equation (1) is its panel data, or repeated measures,
aspect; if 7 is trial profit, then there are twelve profit observations for each participant. Ignoring
this aspect may produce linear dependence between profit observations; see Maddala (2001).
Fortunately our primary focus in what follows is solely on whether the incentive condition faced by
an individual influences behaviour and performance. This can be addressed by aggregating the data
across trials for each individual. Specifically, the profit response variable can be re-defined as total
profit earned by a participant over trials 7-12 of the experiment, denoted Sz, = iﬂ” . Focusing on
=7
trials 7-12 here is designed to reduce the ‘learning by doing’ effects on response variables. Each
observation of this new profit variable is clearly influenced by the set of 6 randomly-selected rows
faced by the individual. The effect is to shift the empirical distribution of the profit variable away
from the lower bound of zero, and also to increase the number of feasible values. The results show
that this aggregation largely attenuates non-Normality (see below). The effect on equation (1) is to
remove trial as a determinant of profit, leaving a pure cross-section of aggregated profit

observations to be explained by the eight remaining variables. Our other response variable is

12
analogously re-defined as SIR, = Zan where /R, is the sum of information requests made in trial
t=7
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t by individual i. Here again, aggregation over trials gives an approximately Normal distribution for

this variable.

Consider first a linear version of equation (1), aggregated over trials 7-12. The profit realised by
individual i depends on individual characteristics, including incentive parameters, as well as the

collection of six rows faced in Trials 7-12. Thus, equation (1) takes the form

Sz, = ¥y + 11" + 16" + ysage; +y mf; + yupg,

4 20
+Z}/6jnatﬂ +y,8pa, +Z}/8kSRik +e i=1,..,94 . 2)
k=2

J=2

The row effect could, in principle, be non-linear across rows, and this is modelled in (2) by allowing

mean shifts in the intercept conditional on the rows faced, with SR; denoting the number of times

20
row k occurred for individual i in trials 7-12. Since ZSRM =6 for all 7, the specification in (2),
k=1

which includes a general intercept, omits the dummy SR, in order to avoid singularity problems in

il»

the estimation procedure.

Equation (2) can be estimated, but it is not exactly parsimonious. The row effects require estimation

of 19 parameters y,,, k =2,...,20. However, given the structure of the profit function in Table 2, it

can be expected, ceteris paribus, that higher profits will generally be earned the higher the row
faced. Indeed, given the approximately linear way in which the maximum profit increases with

Row, a possible simplification involves the hypothesis that the parameter y,, will vary linearly

with row k. This implies a restriction of the form
Ver = kg for k=1,..,20. 3)

If this is a statistically acceptable restriction, it allows a major reduction in the number of

parameters requiring estimation. Notice that given (3), it is possible to write

20 20
Z;/8 SR, = ygszRik . Thus, defining a weighted row-count variable CR for individual i as
k=2 k=2

20
CR, =) kSR, , 4)

k=2
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equation (2) can be written as
S, =y, +nr +72CI‘IR +y;age; + y,mf; + ysupg,

4
"‘Z%;”atﬁ +y,8pa,+y,CR +¢& i=1,.,94. %)
j=2

Parallel specifications to (2) and (5) may also be applied to the other response variable, SIR,,

though admittedly the motivation for incorporating CR; is not so clear in this case. It turns out that,
for both response variables, restricting the models to one in which aggregate response is linear in
row number is statistically acceptable; the regressions and testing down procedure that establish this
are given in Appendix Three. Using the variable CR, a weighted sum of row numbers, with weights
equal to the number of times each row occurred in trials 7-12, is a relatively parsimonious form of
row control. Given its statistical performance, it is used throughout the subsequent analysis. Table 7

presents notation, definitions and feasible values for variables used in the analysis.

Table 7: Notation, definitions and feasible values for response variables and determinants

Definition | Notation | Range of Values
Response Variables
Aggregate profit earned by Sx, 0-3000
participant in Trials 7-12
Number of information requests SIR, 0-30
made by participant in Trials 7-12
Determinants
Weighted sum of profit table row CR, 6-120
numbers faced by participant in
Trials 7-12
Money reward paid to participants v 0-0.02
per unit of profit earned (pounds)
Money cost to participants per clf 0.01-0.20
information request (pounds)
Age of participant (years) age, 18-
Sex of Participant mf, Female: mf=1,
Male: mf=0
Graduate status of participant upg, Postgraduate: upg = 1;
Undergraduate: upg =0
Dummy variables for Nationality Nat»; British: nat2=nat3=nat4=0;
of participant (British, non-British Nats; European non-British:
European, Asian or other) Naty; nat2=1, nat3=nat4=0;
Asian: nat3=1,
nat2=nat4=0;
Other: nat4=1, nat2=nat3=0
Grade point average (%) apa, 0-100
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The only further refinement of equation (5) we considered was to allow for possibly differential
effects of the four sub-groups, ‘G0’, ‘G1’, ‘G2’ and ‘G3’ derived from the post-experiment
questionnaire. Dummy variables were created to allow for differences in the constant term, the row
control variable CR, and the incentive variables ¢ and r”. For m = 0, 1, 2, 3, let the dummy
variable Gm; = 1 if participant i is a member of sub-group ‘Gm’; and 0 otherwise. Then the

estimation model for profit, corresponding to equation (5), takes the form

3

3 3
Sz, = 3 (10sGm, )+ Y (1,77 G, )+ 3 (15, G, )+ y,age, + y.mf,

m=0 m=0 m=0
4 3 (6)
+ysupg, + 27/6jnatﬁ +y.8gpa; + Z(?”ngR,-Gmf )+ g 1=1..94
j=2 m=0

The general intercept is still present in (6) as y,,. The use of multiplicative dummies implies that,
for example, the coefficient of " applicable to sub-group ‘GO’ is y,,; the coefficient of "
applicable to sub-group ‘G1’ is y,, +7,,; the coefficient of »” applicable to sub-group ‘G2’ is

V10 + 711 7125 and the coefficient of " applicable to sub-group ‘G3’ is y,, + 7, + 71, + 7,5 That is,

m—=1
7., for m =1 represents the incremental effect over and above that for Z 71; - The usual tests can
j=0

then reveal, for each affected determinant and for the constant term, whether sub-groups differ
amongst themselves, or are homogeneous and therefore can be pooled, saving degrees of freedom in
estimation. A similar specification is used in the model for SIR,. Two versions of equation (6) were
estimated: ‘unrestricted’ and ‘no pooling’. The ‘no pooling’ version assigned the parameters
Yom =Vim =Vam = Vsm» M =0,1,2, and restricted the estimation to the G3 sub-sample of 42 subjects
correctly answering all questions in the post-experiment questionnaire.'® For each version, a multi-
stage procedure of testing down was employed, whereby at each stage the single most insignificant
variable was omitted, the equation re-estimated, diagnostic tests re-checked, and the equation re-
examined for other insignificant variables that might be omitted. For convenience of interpretation,

we reproduce the research hypotheses from Section 1 here, using the notation in Table 7.

Hi: As r” increases, SIR and S increase.

H>: As ¢™ increases, SIR and Sz decrease.

'8 The ‘no pooling’ version of equation (6) is thus equivalent to estimating equation (5) on the G3 sub-sample.
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Hi: As mf'increases, Sz decreases.
Ha: As age increases, Sz decreases.
Hs: As gpa increases, Sz increases.
Hg¢: As nat3 increases, Sz decreases.

H7: As upg increases, Sz increases.

Table 8: Results for Aggregate Information Requests (SIR)

Equation 6 Tested Down OLS Regression
version
‘no pooling’ SIR =10.08+465.17" —41.7¢"™ +9.32 nat3
(0.00) (0.00) (0.00) (0.01)

(sample size 42)

Adj. R%: 0.35, DW: 2.18 (0.85), F (zero slopes): 8.24 (0.00), Jarque-Bera: 2.12 (0.35)
LM Het: 1.22 (0.27), Ramsey’s RESET2: 0.14 (0.71)

‘unrestricted’ SIR =1.78-5.72G2+12.28G3+338.36(+" x G0)-31.22(c™ x GO)
' (0.74)  (0.04) (0.05) (0.00) (0.00)
(sample size 94) + 0.4 age —8.94nat4 +0.09(CR x G1)- 0.18(CR x G3)
(0.06) (0.00) (0.03) (0.06)

Adj. R%: 0.27, DW:2.09 (0.91), F (zero slopes): 5.38 (0.00), Jarque-Bera: 0.34 (0.84)
LM Het: 0.75 (0.39), Ramsey’s RESET2: 0.01 (0.92)

Probability values, given in parentheses, are one-tailed whenever the research hypothesis is signed.

SIR denotes aggregate information requests made by a subject in trials 7-12 of the experiment; 7" denotes money reward
(pounds) paid to participants per unit of profit earned; ¢’* denotes money cost (pounds) to participants per information
request; nat3 indicates subject is of Asian nationality; nat4 indicates subject is of non-European and non-Asian
nationality; age denotes age of subject; CR is a variable controlling for the profit-table rows faced by the subject during
the last 6 trials of the experiment; GO,...,G3 denote increasingly restricted nested sub-groups of the sample formed on
the basis of responses to the post-experiment questionnaire (GO is the full sample and G3 is the smallest sub-sample).

Discussion of Results for Hypotheses I and 2

Table 8 presents the results for the information requests response variable, SIR. There are two
hypotheses, H; and H,, relevant to this variable. For the smaller sample of G3 subjects, ‘no
pooling’, the two hypotheses are clearly supported, with one-tailed probability values <<1%. When
the analysis makes use of the whole sample G0-G3, ‘unrestricted’, it is clear from the presence and
significance of the composite variables (r” X GO) and (c’R X GO) that support for H; and H; extends
to participants who failed to answer some or all of the post-experiment questionnaire. Although

when the analysis is extended from G3 to GO-G3 the marginal effects of varying rewards and costs
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are diluted slightly, this dilution is not significant. With regard to demographic variables, the only
significant determinant of information requests in the G3 group alone is Asian nationality, which
has a positive coefficient. When the entire sample, GO-G3, is used, however, this variable loses its
significance. Instead for this larger cohort, age has a slight positive impact and Non-European non

Asian nationality has a larger negative impact."’

Table 9: Results for Aggregate Profit (Sw)

Equation 6 Tested Down OLS Regression
version
‘no pooling’ S =-237.3+14856r" —533.64¢™® —145.78 mf +19.19CR
(0.22) (0.00) (0.19) (0.03) (0.00)
(sample size 42)

Adj. R* 0.57, DW:2.32(0.95), F (zero slopes): 14.34 (0.00), Jarque-Bera: 2.72 (0.26)
LM Het: 0.54 (0.46), Ramsey’s RESET2: 0.46 (0.50)

‘unrestricted’ S =22.88-424.27 G1+14202.9(r" x G3)- 667.94(c" x G3)
‘ (0.92) (0.13) (0.00) 0.11)
(sample size 94) - 7426 mf ~168.69nar3 ~33 1,53 natd

(0.09)

+15.03(CR x GO)+ 11, 64(CR x Gl) 4(10.§1§(CR x G2)

(0.00)

Adj. R*: 0.55, DW: 1.96 (0.80), F (zero slopes): 13.77 (0.00), Jarque-Bera: 0.14 (0.94)
LM Het: 2.36 (0.12), Ramsey’s RESET2: 0.00 (0.97)

Probability values, given in parentheses, are one-tailed whenever the research hypothesis is signed.

SIR denotes aggregate information requests made by a subJect in trials 7-12 of the experiment; 7" denotes money reward
(pounds) paid to participants per unit of profit earned; ¢’* denotes money cost (pounds) to participants per information
request; mf =1 indicates subject is female; nat3 =1 indicates subject is of Asian nationality; GO,...,G3 denote
increasingly restricted nested sub-groups of the sample formed on the basis of responses to the post-experiment
questionnaire (GO is the full sample and G3 is the smallest sub-sample); CR is a variable controlling for the profit-table
rows faced by the subject during the last 6 trials of the experiment;

The results for the profit response variable are presented in Table 9. All the research hypotheses, H;
to Hy, are relevant here. For the ‘no pooling’ analysis of the G3 sub-group, the rate of personal
reward per profit point earned, »”, is significantly positively related to earned profit, as per H;. The
incentive coefficient value of 14,856 is equivalent to about 12 extra profit points per trial for every
halfpenny increase in r”. Thus relative to fixed rewards (FR), performance-related pay (PRR)
offers a substantial amount of leverage through payment by results. Moreover, this effect is shown

to survive when the saliency of personal money rewards is increased approximately by a factor of

1 No subjects with a nat4 coding made it into the G3 group, thus explaining its absence from the ‘no pooling’ equation.
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four from the level in Sprinkle (2000), strengthening claims to external validity. Varying costs to
accessing information, as per Ha, for the G3 sub-group produces the predicted negative coefficient.
However, with a one-tailed p-value of 19%, the coefficient is not significant. Taken together with
the significant finding for G3 of a negative impact on number of information requests in Table 8§,
this presents an apparent anomaly. One might conjecture that increasing information cost leads
rationally to economising on usage, but might also lead to more effort then being expended on
making the best possible use of the information that has been accessed; it is possible the latter effect

counters the former, and hence explains the observed result.?’

The results pertaining to profit for the ‘unrestricted’ model are similar to those for the G3 sub-
group, with H; strongly supported, and H, not supported albeit with a lower p-value of 11%. Note

however, that the tested-down “unrestricted’ model for profit includes only two incentives variables,
the composites (r” X G3) and (c’R X G3). This means that despite the fact all subjects in GO vary

their demand for information in like manner when incentives are varied, this variation translates
into changes in profit performance for only the G3 sub-group answering all of the questionnaire
correctly. It is possible that this apparent anomaly may be due to the manner in which subjects were
coded into groups, according to anticipated profit-earning capability rather than anticipated
information use. Thus, for instance, GO subjects were excluded from higher sub-groups because
they failed to answer questions regarding the profit table, not because they failed to understand their
money rewards and costs. Thus the GO group may respond to variation in money rewards and costs,
but are unable to translate this response into profits.”’ This explanation is not adequate, however, for
the finding of no profit response for the G1 and G2 groups, because these groups correctly
answered the profit table questions but not the incentive questions. Another possible explanation,
with implications for the design of PRR systems outside the laboratory, is that PRR systems will
produce benefits in company profitability only when offered to subjects who, for whatever reason,
are in a position to deliver these benefits, otherwise with risk-averse employees PRR will simply
cost more on average than FR; see Kaplan & Atkinson (1998, p.679). In this case, PRR is only

effective at raising performance when subjects have full understanding. A metric of

* No comparison can be made with Sprinkle (2000) here, because in that paper, information cost was not varied in the
experimental design.

*! Note that the finding of a behavioural response to variation in 7” and c™ for subjects outside the G3 group would
not have been observed if these subjects had been discarded on the basis of the post-experiment questionnaire, whereas
if the problem of task-incentive comprehension had been ignored and the data for all 94 subjects had been pooled, then
the finding of a differential response in profit performance would not have been observed. The approach we have
adopted here in the ‘unrestricted’ model thus provides insights that may otherwise be overlooked, particularly when the
experimental environment is complex and comprehension becomes a significant issue.
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comprehension/rationality, based upon the proportion of dominated column choices selected by
PRR subjects, showed substantial improvements in the G3 group compared to the full sample.** The
proportion of dominated column choices for the G3 group in the present study was similar to the

metric reported in Sprinkle (2000), thus suggesting why a significant result was obtained in that
paper.

Discussion of Results for Hypotheses 3 to 7

The coefficients of mf, age, gpa, nat3, and upg all had signs predicted by the research hypotheses,
in both the ‘no pooling” and the ‘unrestricted’ models, but not all these factors appear in the tested-
down models because not all were significant. The most clear-cut result is for Hj: the effect of
gender. Female subjects did significantly less well than males, in both the G3 group and overall in
the ‘unrestricted’ model. The negative effect of substituting a female participant for a male
participant is to lower expected profit in trials 7-12 by about between 74 and 146 units of profit, or
about 12-24 units of profit per trial; a finding similar to the corresponding result of 20 in Dobbs &
Miller (2006). This result offers confirmation of previous results in the literature; that females do
less well in problem-solving tasks than males.”” We found that age and upg were highly positively
correlated in the sample. Both coefficients had the signs predicted by Hs and H7, but both were
insignificant, a not untypical finding for collinear variables. Hs predicts gpa will have a positive
impact on profit performance. Although the coefficient was positive, again it was insignificant and
excluded from the tested down equations. It is possible that the G3 coding could well be doing the
work for gpa in the profit equation. Also gpa appears to have some explanatory power in explaining
performance in Trials 1-6 (not reported). Higher gpa students do better in initial trials, perhaps
because they understand the written/oral instructions faster. But after completing several trials, in
effect there is ‘learning by doing’, and the gpa effect has disappeared by Trials 7-12. The results for
Hg are ambiguous: nat3 appears as a significant determinant in the ‘unrestricted’ equation, with the
correct sign, but does not appear in the ‘no pooling’ G3 equation. Finally, non-European non-Asian
nationality, nat4, has a significant negative impact on profit performance, just as it did on demand

for information in Table 8.%*

22 For more details, see Dobbs & Miller (2008).
2 See Section 1 for references.
* There are no nat4 subjects in the G3 sub-group.
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Overall, we find there is a significant role for certain personal characteristics, primarily gender and
cultural variables, in explaining behaviour and task performance. For a complex experimental
design, the specification of the statistical model can be improved by the inclusion of such variables.
In addition our evidence confirms previous findings with regard to gender and culture for the

problem-solving task studied here.

4. Conclusions

Though it tends to be under-valued in social sciences research, in the natural sciences, replication is
a critical element in the establishment of robust research findings. In many Social Science
applications the potential for replication is inherently limited, but in laboratory experimental work
this is not the case — replication is always possible — and hence it appears that at least in these
applications, the Social Sciences can hope to achieve the level of rigour manifest in good quality
scientific research. Using a research design based on Sprinkle (2000), this paper attempted to
replicate a previous finding that, compared to fixed rewards, performance-related rewards increase
individual demand for valuable information and enhance performance. This issue is of major
importance to the design of performance measurement and reward systems based on accounting
information, since agency theory suggests that performance-related rewards are necessary to

mitigate moral hazard and adverse selection problems in complex organisations.

Our study also examined a more general version of the Sprinkle setting, including the provision of
nineteen treatments rather than just two treatments, and so was able to investigate whether the
earlier finding survived when incentives are made more salient. Our larger sample also had rather
different demographics compared to the original work in Sprinkle (2000); instead of featuring
exclusively US sophomore participants, our sample featured final year undergraduate and
postgraduate students with a non-US international background (primarily European and Asian
students). To explore the specific effects of different demographics, we collected and made use of
data on personal characteristics (including GPA, gender, age, nationality). Finally, we undertook a
post experiment questionnaire study, and used the data from this as an integral part of the statistical
testing procedure. Whilst post-experiment questionnaires have been used in previous work, they
have been used exclusively to eliminate subjects who reveal some apparent imperfections in their
understanding (make errors in one or more of their answers to the post experiment questions). We

take the view that responses to such questionnaires, just as with responses within the experiment,
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are properly viewed as stochastic variables, and that it is therefore appropriate to explicitly model
this within the overall analysis of the experiment as a whole. It is rare (non-existent, to our
knowledge) for the data collected in post experiment questionnaires to be formally incorporated into
the statistical analysis. In our view, if appropriately designed, the data that can be gathered from
such a source can profitably be used as an integral part of the analysis via a general-to-specific

testing down methodology. The present study illustrates the value of this approach

Our tests confirm the result originally found in Sprinkle (2000), but for a much wider range of
incentives: when information is valuable for enhancing profit, but is also costly, its effective use by
individuals can be increased if individuals are given profit-related incentives. This lends support to
the predictions of agency theory as it relates to accounting issues. However, we also show that the
finding must be qualified, for although all subjects responded to incentives similarly, only those
with a better understanding of the task and incentives could translate this into significantly better
performance on the task. It may be that in Sprinkle (2000) this qualification was obscured because
comprehension of the task and incentives was much less of an issue in that study than in the present
one. Nevertheless, it is an important qualification, for it confirms an aspect of agency theory dealing
with executive compensation; namely, that the benefit to a company of providing performance-
related rewards is not universal and depends, inter alia, on the ability of an individual to influence
profit. Interestingly, we also find, even for subjects with a better understanding of the task and
incentives, that increasing the cost of information leads to significantly less accessing of
information and some decrease in profit performance, but that the weakening of performance is not
statistically significant. This issue, which was not observed in Sprinkle (2000), where the cost of
accessing information was a fixed datum that never varied, requires further investigation. Finally,
we have shown performance-related rewards have the predicted effect on demand for information
and task performance for a sample with different demographics than in Sprinkle (2000). For this
particular problem-solving task we also confirm findings in other studies that gender and culture

play a role in determining performance independently of the structure of rewards.

With regard to the relevance of the study to accounting practice, we do not wish to over-claim the
importance of the investigations presented here. The laboratory approach used involved structuring
a controlled business-like environment and designing explicit information and reward structures for
this environment. Participants then played an experimental ‘game’ and earned real money rewards
as a consequence of their decisions. The advantage of the approach is that the experiment can be

designed to explicitly address the issue under investigation, while at the same time removing much
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of the confounding influence of extraneous variables in naturally-occurring settings. The
experimental approach has its drawbacks, in part because the experiment environment is
intrinsically somewhat artificial, and the amount of time that one can ask participants to commit is
usually relatively short; in the present study up to about 90 minutes. Hence it is not usual to claim it
simulates a naturally-occurring setting. However, the approach brings with it much of the power of
scientific method, and is perhaps best suited for testing the simplified models typically propounded
in theoretical work. Since a theoretical model can only be considered general if it applies to all its
proper special cases, analysis of data generated from simple laboratory experiments can therefore be
said to offer legitimate tests of model generality, regardless of differences between experimental
and naturally-occurring environments; see Plott (1991), Roth (1991), Starmer (1999) and Smith
(2002) for further discussion.

Finally, there are other issues that could be further investigated: the significance of a learning effect
as participants gain experience of the decision-making task; the nature of ‘rules of thumb’ followed
by participants when taking decisions; the impact of risk attitudes on behaviour; and more technical
issues such as the adequacy of controls for the effects of profit table row on performance,
interactions between determinants, and the functional form of the data generating process.
Additional experiments could also be undertaken to examine how variations in the structure of
profit-related money rewards, other than saliency, affect the use of information in a complex
decision-making environment. For instance, the use of 20-20 hindsight in performance evaluation

could be investigated in much the same framework as the present study.
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Appendix 1: Instructions for Participants with Profit-Related Rewards

Materials

A copy of instructions (this document), a table of numbers, a pen, and paper are provided. Check
you have these items now. If anything is missing please raise your hand and I will attend to you.
These materials should be returned to the instructor supervising in the computer cluster at the end of
the experiment.

Rules of Communication
Our purpose in conducting this experiment is to gain information about individual behaviour rather
than group behaviour. For this reason, we must insist on the following rules concerning

communication:

(a) No communication - there must be no verbal or other forms of communication between
those taking part until everyone has completed the experiment,

(b) No questions — the only clarifications you can seek are those concerning the use of
software in the PC room (if you have difficulty using the software, raise your hand and
wait for assistance from the instructor).

Introduction

You will be taking part in a timed computerised experiment designed to investigate the nature of
individual decision-making under conditions of uncertainty. You will be paid for your participation.
Your earnings will depend upon how you perform the experimental task. Earnings will be
calculated and reported to you today, privately — they are then paid in cash, privately, in a few days
time. I will first explain the experimental task and then how you earn money from performing this
task.

The Experimental Task

Please look at your profit table. The rows are labelled 1 to 20 in the left hand column. The columns
are labelled 1 to 20 in the top row. In essence you will be playing a series of ‘games’ against the
computer in which the computer first randomly picks a row, which you are unable to observe; and
then you choose a column. The chosen row and column will determine, where they cross in the
profit table, the profit earned.

To illustrate how the game works, suppose one of you plays ‘the computer’ [SELECT SOMEONE
TO PLAY THIS ROLE — NAMED “X” BELOW]. X should write down a row number on a piece
of paper, without revealing it to the group, and then pass the piece of paper to me. Now, consider
what happens when you make a choice of column. [ASK A DIFFERENT RESPONDENT “Y”
FOR A CHOICE OF COLUMN: THIS IS THEN ANNOUNCED SO EVERYONE CAN HEAR
THE CHOICE]. The profit result is determined by the intersection of the row and column. In fact
the row chosen was .... (“X” CONFIRMS THE CHOICE OF ROW). Hence the profit is
....(EXPLAIN THE RESULT VIA AN OVERHEAD).



The experiment is organised as follows:-

(a) There are 12 trials, for each of which there are 5 decision periods, altogether making 12x5=60
column decisions for you to take. You identify your column choice each time by inputting your
chosen column’s number at your computer terminal when prompted. The number of the column
you want to choose can be found in the top row of the profit table

(b) For each trial, the computer will select a row, which is then FIXED for all periods in the trial.

(c) You then choose a column in period 1 of this trial.

(d) The computer will ask you whether or not you wish to learn the profit earned by your choice in
(c) above. If you agree, it will be reported immediately (but note there is a cost associated with
this - see below). If you do not, the profit earned will not be reported until the end of the trial.

(e) The process in (c) and (d) is then repeated for periods 2,..,5 of the trial.

(f) At the end of 5 periods, the profits earned in each period are revealed to you without cost (see
information costs below), and your money earnings are calculated and also revealed.

(g) The process now starts again with a new trial — the computer again chooses a row at random
which is then fixed during the trial, and you repeat the process (c)-(f), (and so on, until all trials

have been completed)

In taking part in the experiment, we would like you to try to earn as much profit as you can.

Notice, in the profit table that, since the chosen row will not be known to you when you select your
column, you will generally not know for certain the profit that will be earned by your column
choice. However, you do know that the row is fixed for the 5 periods of each trial, so that whenever
you choose a column, not only does your choice determine profit, jointly with the selected row, but
if you make an information request, it also provides information about the unobserved row being
used in the current trial. Look again at the profit table. [“Y” who previously chose the column]
chose column ... If an information request is made, it would be discovered that profit from the
decision was .... And one can reason that the computer has selected a row between row... and
row... [ILLUSTRATE THIS ON OVERHEAD] With this knowledge, one may (or may not) wish
to change the choice of column in the next period (and so on).

Additionally, the following information is available about how the computer has been programmed:
e The rows 1 to 20 are all equally likely to be randomly selected by the computer.

e The rows selected for you by the computer in a given trial will generally vary randomly
from trial to trial, and will also differ across other individuals taking part in the experiment.

e The selection of a row by the computer in each trial is not affected by your choices of
columns in the current or previous trials.
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Money Earnings

Your earnings are (i) a fixed proportion of profit earned, but are also (ii) negatively related to the
number of times you request profit information during a trial. Your money reward per unit of profit
earned, and the money loss per information request will be notified to you at the start of the
experiment.

You have 180 seconds to complete the five column choices expected in each trial. If you run out of
time before completing the five column choices, you will only be paid for those you actually
complete. The clock will start anew at the beginning of each trial. Whether or not you requested
information on earned profits during each trial, you will also be informed (at no extra cost) of the
total profits earned at the end of each trial

We recommend that, before you begin the experiment, you spend some time examining the
structure of the profit table. Do not be influenced by the pace at which other respondents work,
whether slower or faster than you. Your money rewards will be based solely on your performance
of the task and no one else’s. We have allocated plenty of time, an hour, for you to complete the
entire experiment.

Payments & Completion of the Experiment

When you have finished the experiment, please raise your hand and an instructor will attend to the
final procedures, including the issuing of a short questionnaire which you should complete
immediately and hand to the instructor. A summary of your earnings appears on the computer
screen at the end of the experiment. Arrangements for payment of your earnings will be emailed to
you in the next few days.

Post-Experiment Briefing

This experiment is funded by the Institute of Chartered Accountants of Scotland, who will publish a
report on the findings of the experiment in due course. All published data collected will, of course,
be anonymous. In order to preserve the integrity of the ongoing experiment, we are unfortunately
unable to offer any feedback on its nature or your role in it until the whole experiment is complete.
However, we will email every participant in the experiment when the report is available to let them
know where they can obtain a copy
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Appendix 2: Post-Experiment Questionnaire

Project No. RES0371 07209

(Sponsored by the Institute of Chartered Accountants of Scotland)
Full Name (Print).........ccooiiiiii e,

l. Suppose, for a given trial, the row was fixed at Row 15. Suppose you selected column
18 in the first period. What profit would you earn for the firm in that period?
YOUr ANSWET ..nniiiiiiiie e,

2. Suppose you begin a new trial. You do not know the row selected by the computer. If in
the first period you choose column 6, request profit information, and learn that profit
was zero, what do you conclude about the row number selected by the computer?

Y OUL ANSWET ittt et e e

3. Suppose, after a choice of column, you earned 0 for the firm. How much do you earn for
yourself?

Y OUL ANSWET ..ottt et e e

4. Suppose, after a choice of column, you earned 80 for the firm. How much do you earn
for yourself?

Y OUL ANSWET ittt e e

5. Suppose, after a choice of column, you make an information request. How much does it
cost you?

Y OUL ANSWET ..ottt e e
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Appendix 3: Validating use of the weighted row count variable CR

The row count variable was used as a control for row effects. In principle, the effect of row on
performance might be non-linear. An initial investigation examined whether moving from the
model using individual row dummies in equation (2) to the row count variable model in equation
(5) was statistically acceptable. The total number of restrictions involved in moving from equation
(2) to (5) 1s in fact 18. Conducting the usual F-test of these restrictions shows that the simplification
to (5) is statistically acceptable. That is, running the regression

Sz, =yo + 31" + 1,6 + ysage, +y mf, + ysupg,

4 20
+ z7sj”atﬁ +7,8P4; +278kSRik +te, i=1..94
k=2

=2

gives:
N-Obs 94 N-parameters 29
Sum of squared residuals = .463836E+07
Adjusted R-squared = 0.47

whilst running the regression

S, :;/O+;/lri”+y2cl.[R+;/3agel.+]/4mfi+]/5upg,-

4
+ zhjnatﬂ. +y.8pa;, +y7,CR, +¢, i=1,.,94
J=2
yields:
N-obs 94 N-parameters 11
Sum of squared residuals = .581437E+07
Adjusted R-squared = 0.48

The F-statistic for the 18 restrictions is

1 _ (SSER—SSEU)/J _ (0.581437E7-0.463836E7) /18
SSEU /(n—K) 0.463836E7/65

=0916<1

which is clearly not significant.

A parallel analysis for SIR, gives:

SIR, =y, + 11" +y,¢i" +y,age, + y,mf, + ysupg,

4 20
+ z7sjnatﬁ +7,8pa; + 278kSRik +e, i=1..94
k=2

j=2
where:
N-obs 94 N-parameters 29
Sum of squared residuals = 3053.57
Adjusted R-squared = 0.21

whilst running the regression
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SIR, =y, + 11" +y,¢i" +ysage, + y mf, + ysupg,

4
+ 276jnatﬁ +y.8pa;, +y,CR, +¢, i=1,..,94
j=2
yields:
N-obs 94 N-parameters 11
Sum of squared residuals = 3835.27

Adjusted R-squared = 0.22

The F-statistic for the 18 restrictions is

_ (SSER-SSEU)/J _ (3835.27-3053.57)/18
SSEU /(n—K) 3053.57/65

=0.924<1

which again is clearly not significant.
Thus the restrictions are statistically acceptable for both dependent variables, Sz and SIR; this

motivates the use of the weighted average row count variable CR in the analysis presented in the
text.
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